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.'; ' : -' .- .-'-:
.1,' :-''.' .'s - - ., . F : -;.L:." tlorking within the time frame of the contract, eight trips were .i:1,!l. .':j'.,;,.:1- .:

, .,t";rj; 'made to one or more mine sites during the year. Thbse'were for land .':i. ''-..:...."t:t',ij1'{;;,ffi 
.'

. .,i. ij,.;t/,\::iri . i
."..".,1,.,.:;.; preparati6n, fencing, direct seeding or for collecting plant propagation -',;.1;. '...r-..1j-'.:.: .'..:'_..':'.
' "-; ;'i rnaterial. The'hiqh e'levation site vras changed frorn ihe Glade ljline as . I '.-..-- :-, 1r- ,. llll ..,lll u lsvqsrvl.a J a Vg VlqJ Vllqllygu l a Vl'l glls Vlqvv rlall\

'prev.iously planned to an old mine site on the north s'lope of the Big llotch'. . .:. :......
- . "r;.: 

"'.'i on Elk Ridge which will be referred to in these reports'as the Big., ']..'.., *:
. r\

. :' Notch Mine.

' ; .. Seed'from numerous species collected from ]979 and i980 trips

r{ere cleaned and stored for later use as well as being used in the

'1980 fall direct s'eeded planting and. for gerrninating and growinga

|, ..
. .plants in containers. Seed of a few species have been planted in a

A.''r.i

e 'nursery for obtaining bare-root p'lanting stock. 'Wildings were also
.), ' obtained at the Big llotch site and p'lanted'in conta'iners.

' General land grading at each of the four sites was accornpl'ished

' by Energy Fueis Nuclear personnel. using large equipment. The size of

the spo'il piles limited the size of the area for conducting these

studi es.

A. Xeric Sites

A basic plot design for the three xeric sites consisted of

two 40-inch water harvesting slopes in a vee shape with a planting

area in the bottom. As a comparison for the vtater harvesting

slopes a flat fallow area would be used rvith a special treated

planting. area extending through both. This seed bed (soil

I. SITE PREPARATIOIIS
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treatment.area) was'made by digging out a trench approxirnateiy

6inchesdeep,]6incheswideand33feet.|ong.Afertilizer

mix.ofammoniumnitrate(501bs.N/acre)andtrbu1esuper
i'l-:"- phosphate (100 lbs. Po0. 'per acre) plus a covering of wood chips .'..,ii:z c --'-''"J '---- ----rc J .'. .-. , i.;; ,.' : ,-. ,. -'.i. .. at 2.5 tons per acre were broadcast in the bottom of'the trench. -'::1':'

. .",: '

.'..-.:1;..i..Thetrenchwas.then.fi1ledwith]ocal]yavailablesoilandthen
" mixed by roto-tilling. There are'four replications..r '"t m'lXecl by roto-t'l l11ng. There are'four replications..at each' 

:,,e l'

of these three sites. 0ther treatments were instituted at

each site depending on space as shown on the plot preparation

and fi el d p'lans .

t. Sahara Mine Sltq (Plan I)l'

- In addition to the basic plot design'as explained above

two additional trenches were dug and prepared as in the basic

design with water harvesting slopes and flat plantings, but

no wood chips were used. Two other sections rvere prepared.

One of these consisted of a spo'i'ls (ta'itings) area being

fertilizOd versus no fertilizer ulith both areas being roto-

tilled to cover the fertiiizer and for uniformity. The other

consisted of the same tlo treatments - fertilizer versus no

fertilizer - and then being covered with 5 - 6 inches of sand

(soi1 material available for use at this site). The land

preparation and treatments t'Jere acconrpl i shed on Apri I 3, 4

and 28, .|980 with the area being fenced with a rabbit proof\\_
netting September 9, .l980.
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.. Location B was le.veled with .tvlo. furrows 6 - B inches

.deep and 46 feet long dug through the middle. These two
.i

..locations were prepared April 29 and 30 with both rocations

fenced with rabbit proof netting on September 9, .|9g0.

3. Repete l4ine Site (Plan 4)

. Late precipitation and the nature of the soil de'layed.plot

preparations until June 17-19, .l980. 
Section A at this location

' contained the basic .watei harvesting design. The turo treat-

. ments, fertilizer plus no fertilizer, were applied to Sections

" B and c with section B.then being covered rvith 3 - 4 inches of
. soil. Both sides of section c were roto-tilled to cover the

fertilizer'and for uniformity.'. Four trenphes were dug in the

, north half of Sect'ion D with fertilizer br.oadcast in the bottom

and then fi'lled rvith soil. The other half of this section vras

left. A rabbit proof fence rvas installed septenber 8, .l980.

B. llesic Site

2. llee Hope Mine Site (plans 2 and 3)
' : .' "'

Two separate areas were prepared at this site due to the .,:l. :'

...,.. "' .small size. At one of these sites (A) is located the basic :
- r ;i

' ',".\-,
.- .. : . ..'. .water harvesting design. Another plot at this site contains . "'::ti' t""';'i

tvro tr'eatments, fertilizer and no fertil.izer, r^rith both l.;ti
' : 

.:1.,i..;
: . covered with approximately 2 inches of soil and then mixed -,..

.'

+
!:

.:

llo water

it is assumed

harvesting slopes are needed at the Big llotch site as

moisture vrill be ample at this elevation for plant
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establishment. The area was graded by Energy Fuels Nuclear personnel,

June 
.|9, .|980. In the process a number of shrub wildings, especially

. rubber rabbitbrush, were destroyeb'. A good portion of the flat
area in front of the'portal and the spoils slope is infested wi.th

field bindweed. The amount of soil materia'l on the flat area.is

extremely shallow. A border ridge was.constructed to prevent runoff.-.

water from the escarpment'and portal cut from contamr'nating the

are.a to be planted. Addiiional preparation work on the site was
:

accomp l i shed July 3l , 1 980. Shrub r,ri l di ngs , grass pl ugs and some

seeds a'long with an inventory. of the vegetation was obtained at

this tr'me. Due to the arnount of vegetation hvai'lable for wil<ll ife

and the difficuity presented in trying to erect a.fence at this

l.ocati on , none was erected. llo p1 ot preparati on p'lan i s i ncl uded

as only a rough sketch .was.drawn with a fevl measurements
+-

FALL PLANTII.IG
(Fall p'lanting diagrams are included)

1\. SaharlMf ne Site (Plans 5 and 6)

, 
--atrr "- Seed'from five shrub species were hill planted at approx-

--a-
-. imate'ly 40 inch spacings (l m) in the six trenches of

Section A. Transplants will be planted in between during

the spring. The five species planted 0ctober .|0, 
l9B0

vrerd :

II.

Symbol

ATCA

ATCO

ATCU

SAVE
GRBit

Common Name

Fourrving saltbush
( s-537- 7e )

Shadscal e (S-5a1 -79)
Cuneate sal tbush or

moundscale
Greaselood
Spineless hopsage

Scientific llanre

Att'i1t Lcn' adne $ i, cti{t

A'bnipler confet,t'Lfolia

Att ipler curzeata
Sare obatus u ermiculattts
Grallia branCegei
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: Rows I and 2 were covered October 29 with a layer of

bitterbrush chips to serve as a mulch. It was observed at

this date that many of the greasewood and spineless hoprug.

'seeds planted on October l0 had germinated and emergbd due to

. precipitation during'this period. It is not knoln if these

tender seedlings will .survive overurinter.
.

2. Section B

i In.section B, ten species were each direct seeded in 20 inch

(50 cm) rorvs in the pio.t area consisting of four treatments of

waste (spoils); waste plus fertilizer; fertilizer on waste

covered by soil; and waste covered by soi'1. species.planted

on October I 0, I 980 rvere :

Symbol Comrnon name Scientific name

HIJA Gal leta grass (Viva)(SCS) ' Hilaz,ia janesii .'-',-

ATCA Fourw.ing saltbush (s-szl-79) Atripler caneseens.
ATCO 'shadscale (5-54.|-79) Atriplet confez,tifolia
SPAI Alkali sacaton (s-ssg-zg) sporobolus aitoides.
AcrOR 'Mat saltbush (s-478-79 AtnipLea conmtgata
ERI0 Perennial buckrvheat(s-slz-7g) Etiogonum miez,othecum
ORHY - Indian ricbgrass(usu zl4-215-75) lz.yzopsis hymenoides
ATWE l^lel sh sal tbush (5-532-79 ) atz,ipler uelshii
CELA l,linterfat (5-505-79 Ceratoid,es Lanata
SPHA Gtobe mailow (s-477-79) . SpTneraLcea parrifolia
It was observed on 0ctober 29 that seedrings of winterfat

planted October l0 were'emerging in the soil (sand) covered p1ots.

The earth portion (half) of Section B, not shovrn on the

planting 
9iagranr was left open for spring plant'ing of transplants.

3. Section C

The same five shrub species that were direct seeded in
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'. section A were planted in rows 40 inches (1 .") 
'rong 

on

October 29, l9B0 follorving the earlier rains. One half of :.::':.. each row (20 inches) were covered rvith bitterbrush chips as .

a mulch and the other half left uncovered for comparison as ;

The north side and the east portion were left open for
.'. springtransplants.

4. Section 0

a

: A small observation study vras p'laced outside the fence

' 'exclosure to the west. This consisted of two short rot,,s on

thelevel and three on the slope.. The same five specie.s that

were seeded in Section A and C were also seeded here in rows

on 0ctober 29,'l980. Part of each row *ur't.ou..ed with bitter- ''-

brush chips with the other part 'left uncovered except for

. covering the seed with soil.

B. Repete Mine Site (plans 7 and g)

I. Section A.

In this water harvesting comparison five shrub species were

planted in hills' at approximately 40 inch spacings, 0ctober g,
.|980. 

Interplanted between the hills will be the spring planted

. transplants. The five species planted urere:

Synrbol Comrnon Name Scienti fic Natne

ATCA Foururi ng sa] tbus h ALr.t.plcr. cante!.,cc2,'s

ATCO Shadscale Att'ipler eonfertifolia
' AT0B Broadscale saltbush Atripler obouata

SAVE Greasewood Sarcobatus uenmiculatus
GRBR Spineiess hopsage Gz,ayia brandeqei
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t 2. Section B

. N'ineteen. species were ieeded in eight rows with rows berng
. Ni npf aon cnoni 6e rrr6F6 cn^J^J i - ^.: ^Lr -^. .^ . .J aL .--- -- | ! .

.. 50 cm apart and eaih.species planted 50 cm in each row. The-:.
'east half of each plot was planted October g, igeo with the

' 
.west part being 'left 

.for spring transplants _

The follovring species were planted: .

Symbol Common Name. Scientific llame

. - GRBR Spi ne'less hopsage
;

Grayia' brandeget'
AT0B Broadscale saltbush Atriples obouata
0RHY Indian ricegrass (USU 2t 4-Z1S-75)

2r,yzopsis hymenotdes . .. AGCR Fairway crested wheatgrass Agz,opyz,ott etistaLum
. AICON Shadscale

t
e. ': 'ATCA Fourwing sal tbush

(s-526-7e )

ERIlI Perennial buckr'rheat
(s-s24-7e)

' Atripler confertifoLia .

Atriples canescens

Kochia prostz.ata

SAVE Greasewood (5-525-79) soreobatus uez,niculattts.._.
SPAI Al kal i sacaton Spoy,obolus airoides
ATCU Cuneate saltbush or

moundscale (S-4gg-79) Atz,iplet cttneata
ME0F Yellorv sweet clovei vleliLotus officinaLis
ATcu 

;:ffi:::.i3ttllinr35-ru ) atniplen euneata
' XASA .. Snakeweek (5'-523-79) XanthocepVnlun sarothrae

HIJA Galleta grass (A-.l24.l3-Viva) uilaria janiesii
ATC0R Mat saltbush (s-538-79) Atriplex eo,rugczta
SUFR Seeprveed (USU-264-76) Suaeda fnuticosa
K0PR Prostrate summer cypress

( s-464-7e )
ATSA Annual Twoscal e (5-472-79) Atripler saccar.i,cz

ATAR Annual Silverscale
Atnipler arqottett

Eniogorztun micro tlzeewn

3. Section C

A mjxture of thirteen species vJas broadcast seeded over the

' entire area on 0ctober 9, '1980. 
Due to the granula.r, rocky
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nature of the soil plus shr':inkage cracks no seed covering was

done. Bitterbrush chips,.approximately I yard square and at

the.rate of 2.5 tons per acre vlere superimposed 0ctober 15,

1980 on top of the seed. Four of the mulch p'lots were on

top of the non-fertilized treatment and four on top of the

. fertilized treatment

-:The following species vrere.broadcast seeded.using a

portion of those seeded in Section B.

Symbol Common llarne Scientific Name

GRBR Spinetess hopsage Gz'aAia bnand,eget
AT0B Broadscale saltbush Atriplen obouaia
0RHY Indian ricegrass 7z,yzopsis hymenoid.es
ATC0N Shadscal e Atuiplen eonfextifolia
ATCA Fourwing sa'ltbush '1 Atuiplen eanebeens
SAVE Greaseurood (Sahara) Soz,cobatus uerniculatus
ME0F Yellow sweet clover Melilotus offietruilis
ATCU Moundscal e Atu iplea: eztneata
HIJA Galieta grass (usu z0g-75) Hila,ia janesii
ATC0R Mat saltbush (s-538-79) " Atripler eoz,r,ugata
SUFR Seepweed (USU-264-76) suoeda fz,uticosa
K0PR 

'- 
Prostrate summer cypress (s-464-79) xochi,a. pnostrata

ERMI Perennial buckr,rheat (s-524-79) toiogonwn microthecum

Section D.

This is being left for spring transpl"rnts.

South of Section B on the slope (outside the fence).

Four shalTow trenches approximateiy l5 feet rong vrere made

horizontaily on.the s1ope. seed containing the thjrteen species

was broadcast over the area on 0ctober 9,1980 with no covering.

The soil surface nas severely cracked. The west portion l.ras

covered by a scattering of bitterbrush chips on October .l5, .l980.

4.

5.
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:

South of Section D (outside the fence).

. A smitl. amount of the seed mixture

broadcast on the flat surface and also

October 9; 1980. Thb west part'of this
:

bitterbrush chips on October lS, .|990.

used in Section C was

over.the slope on

vJas covered with

C. hjee Hope t4ine Site (p.lans 9 
.and 

l0)
1. Locat]on A, Section A ." '

Five shrub species were hill planted in the water harvesting

study on 0ctober 29,.|980. This was simiiar to the plantings

made at Sahara and Repete Mines. The species direct seeded

(-
were:

. )ympo I

ATCA

ATCO

GRBR

SAVE

Common Name )c'l entl f 't c I\lame

Fourvring saltbush (5-536-79) atntples eaneseens

Shadscale (5-535-79)

Spineless hopsage

Greasewood

Atz,ipl er conf entifolia

Grayia'brandegei

Sarc obatus u ermiculatus

AtnipLeu uelsheiATl,lE l^lel sh sal tbush (5-532-79)

Transplants of the same species wiil be interpranted in the

rows in early spring. section B. at location A r,rill also be

planted in the spring with transpiants

2. Location B Southwest Corner

Sixteen srnall plots approximately 3 feet square tvere

broadcast seeded using nine species after loosening the soii

by dragging a pick through it. The entire area was raked

follor'ring the seeding. Half of the plots (B) vrere reft as a

control and the otiter half (8) rvere mul.ched vrith bitter-brush

chips at the rate of 2.5 tons per acre. The nine species seeded
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and rnulched on 0ctober Zg, 1990 were:

----ATCA Fourwing saltbush Atni.pler caneseens
. ATC0 Shadscale. )naosca te Atuiplec confez.tifolia .

' K0PR Prostrate summer cypress Koehia pnostyata
SAVE Greasewood Sateobatus uermieulatus' : .." HIJA Galleta grass nilaz,ia jonesii

-g -- -

. ELJU Russian wildrye Elymis juneeus

0RHY Indian ricegrass Ityzopsis hynenoid.es

3- 
.Location B - Center two.furrovrs

,. A pick was dragged dorvn the two furrols which were made

r earlier for soil loosening. Seven species were planted
,, ! ' October 29,1980 in each row for a length of 6.5 feet each-

f.

3 feet left unmulched. The seven species planted included:

Symbol Common Name Scientific llame

ATLIE Welsh saltbush Atripler uelshei
GRBR Spineless hopsage Grayia bnand.egei

KOPR Prostrate summer cypress Kochia pnostrata
ATCU Moundscale Atripler cuneata

.ATCA Fourling saltbush Atri.pler canescens

ATC0 Shadscal e Atri.pler eonfertifolia
SAVE Greasewood sarbobatus uennieu\atus

4. Location B East of furrows

Eight rovJs approximately 20 inches apart r.rere seeded r.rj th

fourteen species on 0ctober 29, .|980. 
Each species uras seeded

' in approxirnately 40 inches of rot^r length. All seeds vrere covered

with soil. Four of the eight rorvs vrere surface mulched r,rith

t0
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wood chips. and four were not mulched. The fourteen species

pl anted trere :

Russian wildrye grass

KUSS'ran W] ldrye grass

Galleta. grass (Viva)

Al llal i sacaton

Indian ricegrass

Yellow sweet clover

A]fal fa -

Spi nel ess

l4oundscal e

Scientific llame

ELwus Juneeus

selection) tlymus junceus

Htlaria jonesii

Common llame

ELJU

ELJU

HIJA

SPAI .

ORHY

MEOF

14ESA

GRBR

ATCU

KOPR 
,

ATI,JE

ATCA

SAVE

ATCO

( Conr )

(new

ye1 'lovr fl owered

hopsage

Sporobolus airoides

Onyzopsis hymenoides

Melilotus ofiicinalis

Itledicago satiua

Grayia bz,and,egei

Atnipler cuneata

Koehia pz.ostrata

Atripler uelshei

Attiplet canescens

Saz,eobatus o etmiculatus

Atnipler eonferttfolia

Prostrate summer c:/press

tiel sh sal tbush

Fourwing saltbush

Greasewood

Shadscale ''

5. Location B. South slope outside the fence.
- 

Four horizontal beds approxirna tely z0 feet long r{ere dug in

the south slope. Numerous seeds of five species were broadcast

on these beds r,rhich were 6 to l0 inches wide and then the seeds

urere worked into the soil. It is anticipated that the banks

above the beds will slip covering some of the beds. A flock

of chuckers in the vincin'ity vri11 probably consume sorne of the

seeds along with rodents. The five species planted were:
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Symbol

ATCA

ATCO

ATCU

GRBR

Conmon I'lame

Fourwi ng sa'ltbush

Shadscal

l'loundscal e 
"

5plne tess h0psage

Scientific Name'

Attiplex eanescens.

Att ipler eonfertifolia

Atriplet cuneata'

Grayia bz,and.egei

KOPR . Prostrate summer cypress Koehia ptost'ata

D. Big Notch planting Site (p1ans ll, 12 and 13)

. Five various plantings were made this post falljon the flat
areasouth,'oftheporta1andonetowardsthebottomofthes1ope

1. Surface - Section A

' Twelve grass species tvere direct seeded in rols approximately
' 

20 inches apart and with approximately 40 inches of each species

being planted on 0ctober .l0, .|980 
and then covered. There were

four replications consisting of the follorving species:

Symbol .

AGRE X AGSP

ELJU

BRIN

DAGL

AGROP

AGCR

ORHY

AGTR

BRCA

AGIN
1

ELJU

POCA

Hybrid Agropyron-.1?n?rys x Agtopyron
Russi an wi 1 drye (sel ect'i on ) ELa^:"l"""j7rIU*

Common Name

Smooth Brome

Orchard grass

? wheatgrass

Indian ricegrass
Pubescent urheatgrass

Mountain brome

Scientific I'lame

. Brormts inenmia
'' Daetyli,s glomerata

Agz,opyron spp.

}r,y zopsis hllmenoides

Ao r op y r on tz. i cho pl zo rzun

Rronu$ carin,zttt:;

Crested vrheatgrass (Fairway) AgTt opynon ez,istatun

intermediate wheatgrass Agt opyron i.nteunecliu:;t

Russian wildrye (comm.) Ely,nus junceus

Canby bl uegrass Poa canblti



Twe'lve forbs vrere direct seeded as above on October 10, l9g0

using the same plan as for the'grasses in section A. The shrub

. " lPeci es pl anted i^rere:

SYrnbol ' 
Common I'lanre

ACMI '. l,lestern Yarrow Achillea milleioliun
ARIU Louisiana sagebrush Artemisia Lud.ouieiana.:

K0PR Prostrate summer cypress Koehia prostrata
, l4E0F Yellow sweet clover MeliLotus officiruLis

BASA Arrob/leaf balsamroot Balsanorhiza sagtittata
'1 nnnn v^.'r^.. ?.^ri :. UAUU tellor't Indian paintbrush Castilleja oceidetztalis

VIMU Showy goldeneye (5-495-79) viguiera nultiflota
MESA l'lomad alfalfa lttedicaao satiua

- PERY Rydberg penstemon penstemon r'11dberjii,

I4ESA Yellow flowered alfalfa lledicago satiua

ASCI cicer milkvetch AstragaLus cieev

3. Section C

' 
Twelve shrub species were direct seeded similar to the grasses and

forbs only'in 40 inch rour lengths on 0ctober 
.|0, lgB0. These

i ncl uded:

Scientific Name
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Symbol

. CHNA

PUTR

CAAR

. COAR

ATCA

SACE

AMAL

RHTR

SYOR

PEM

JUOS,

ARPA

Section D

Antelope bitterbrush (usu-239- 7s) purshia. trid'ntata
siberian peashrub (s-469-79) caragaru arbo,escens

common bladder senna (s-498-79) colutee anborescens

Fourwing saltbush (5-536-79) ntriplen caneseens

. Common Name

Rubber rabbitbrush (local)

Blue elderberry (5-545-79)

Serviceberry (U 16-77)

Skunk bush (5-49.|-79)

Manzanita (local )

Scientific llame

'' Chrysothanmus Ttctuseosus

' Sanbueus'cerulea

Amelanehier, aLtdfolia

Rhus ttilobata

P eraphy LLum 
. 

y ono s i s s irmtm

Junipez,us osteo sperma

Mountain. snowberry (u-i9-75) symphot'ica?pos oneophi\us

Squaw appie. (U 8-70)

Utah juniper (S;51 9-79)

4.

Thi s area wi I I be p'lanted

contai ner-grown transplants.

Aretostaphylos patula

in the spring with bare-root and

Sect'ion E

North of section B and c on the flat sixteen 3 foot square plots

were marked off afer ripping the soil rvith a pick. A seed mixture

using the shotgun approach was broadcast over the surface with eight

of the plots being mulched with bitterbrush chips and the other

eight not mulched, but the seed raked in I ightly. The r,rind was

blowing so seeded much heavier than desired. The seed mixture

planted 0ctober 30, l9B0 included the following seed from sections

A, B and C with only the symbols being shor.rn.
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Forbs

ARIU

ONTR

KOPR

MEOF

BASA

VII4U

MesR (ltomao)

ASCI

Shrubs

BRIN

ORHY

BRCA

AGIII

ELJU (comm. )

POCA

Section'F

A broadcast direct seeding comparing four treatments was

. established October 30,.l980 on the lower part of the slope but

still in spoil material. The four treatments were: (l) control (0);
(2) control pius bitterb-rush chfp murch; (3) surface raked and

(4) surface raked p'lus a wood chip murch. seed was broadcast

(using much more seed than desired due to rvindy conditiong)

following the rake treatment. The wood murch was broadcast

following the. seeding, again having problerns due to wind. Treatment
'3.was gently raked follovring the sbeding.

A small observation treatment was made along the vrest side

urhere the spoil material was ripped deeper using a pick and then

using the sar:re seed nrixture. A part of thjs vras covered rvjth a

chip rnulch and the other part as a. control.

The seed mixture used included all of the 12 grasses and 12 forbs

used in'sections A and B and eleverr of the 12 shrubs in section c

plus dvro others. The symbols for the species planted plus the

two addi ti onal shrubs tvere :

Gras s

CHNA

PUTR

CAAR

SACE

AMAL

RHTR

SYOR

JUOS

ARPA

5.
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Shrubs

CHNA

PUTR

BRIN

- DAGL

. AGROP I. '

. AGCR

nDuv. : vr\rrr

. AGTR

BRCA

AGIN

+ . ELJU (comm. ).

POCA

: CAAR

. COAR

CEMO (Mountain mahogany'
Cereo caz,pus montanus)

.,SACE

AMAL

RHTR

SYOR

PERA .

. JUOS

ARPA

PRVi (Chokecherry
. Prurztts uirginiana)

ONTR

KOPR .

I'lE0F

.BASA

CAOC

ViMU

MESA (Nomad)

. PERY

MESA

ASCI

6. Section G (Miscellaneous)

A scattering of several species were.container planted
.'

0ctober 10.,.|980 along the outer rim of the flat surface and just

over the slope. Each received a quart of water following the

planting. Approximate locations are shown on the field plan.

. Species p'lanted incl uded :

Symbol Common Nane . Scientific name

PIP0 Ponderosa P j ne pinur; Ttotklr:r,o$rl

QUGA Gambel Oak O,uercus aanbcl.ii

POTR Quakjng aspen populus t;renuloicles

In addition to the above, six bare-root transplants of a spreading

rabbi tbrush (chnysothonnus Lini!'ol.tus ) were pl anted.
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These same

shrubs will be

species plus

transpl anted

.:

additional trees, grasses, forbs and

on the upper portions of the s1ope.

III. PRODUCING NURSERY PLANTiNG STOCK

Several hundred plants of the major species are being'greenhouse.

grow.n in containers at the Snow Field Station. These are some of the

'same species that vtere planted by direct seeding this past fall. These

will be used to compiete the transplant sections at each site. Included

rrbs, shrubs and alsoare grasses, forbs, shrubs and.trees.. A bare,-root nursery was

established on the Snor,r Field Station for comparison in methods of

planting for a few of the species. Additional bare-root planting stock

'will be obtained as rvildings near the mine sites if. necessary.

Plantings at each site vrill be made as ear'ly as weather conditions "-.

permit with the Sahara ahd Wee Hope sites planned for l4arch of .|98].

.

IV. SELECTiNG NATIVE SPECIES FOR REHABILITATION OF DISTURBED ARID SITES

:.:
. R.r.urch on vegetative reclamation of arid sites has received very

little interest Secause of the risks involved in securing plant establish-

ment. Few plant materials of a suitable nature have been iientified or

developed for reclanration use. Further, plant attributes needed for

arid lands reclamationhave not been described except in a- general way.

A MS thesis is being pursued in relation to the ptoUterns iilentified

with the various study sites. This thesis will examine the vegetat'ion

in the vicinity of each study site and.from this background of plant jnfor-

mat'ion develop a systenr for selecting native species su'itable for use in

reclamation of arid sites.

'a
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A. The 
'Nature of the Probl em

l,.lith the jncreasing population in the world, the need for addition-

al agricultural land, rangeland improvement and new and expanded energy

sources is 'increasing with an alarming rate.

Since neolitic times, man has practiced agriculture. In

times, shifting cultivation was the only way to keep production at

those

a

level to sustain a family group, in order to survive. After cultivating

an area for a few years, man moved to another area, leav'ing the used

site to return to its original condition after 25-30 years. hlith the

increasing number of people, this sytem, still used in'many areas,'is

getting shorter - too short for natural establishment and.regeneration.

The resent droughts in the Sahel belt and'in E'ast Africa, illustrates

what the result can be after an increasing number of people and livest'Ock

in marginal'areas. 0vergrazing and poor. grazi.ng management caused a

rapid'ly declining range trend. The above mentioned droughts and future

ones will cause an even faster deterioration of the arid range lands.

Lf these lands are nol revegetated with desired ra.nge species, mass

starvation is eminent

' With the increasing population, the demand for ene.rgy and

minerals also increases drastically. Large deposits of fossil and minerai

fuels and minerals can be removed by surface mining. These mines create a

serious disturbance of the ecosystem. The existing vegetation rvill be

destroyed and subsurface material will be excavated and regraded, making

it d'ifficult for a nelJ ecosystem to get established. !,l'ithout treatment,

the disturbed areas will be a source of high concentrations of part'iculate

matter in the a'ir and dissolved chenricals and sediments to the surface

waters of the area. The most effective treatment is to reveqetate w'ith
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.well adapted plant_s, which_wi'11 give a nearly permanent solution of the
probl em.

In the U.S. current and pendi.ng Jegislation requires that the

, revegetation is.done with native plant species (Imhoff et al 1976, Federai-
.' Register 1977, 1g7g).

The choice of native species is justified for a number of reasons:
(l ) To reestablish the original vegetation., (z) To make.the mined site 'less

' noticeable in the landscape, (3)'irative species have evolved under the

. environment.of'the area and (+) ilrey offer a good opportunity to reestablish

the original wildlife'and range habitat.

What is lacking is a universal approach.of selecting species for
rehabilitating harsh arid sites. Plummer et al (tgOe), the USDA (lg7g)

' and ilre Usoi (lsll1 provide some examples of attempts to provide criterja

. 
for selection, but except for the'USDA, most authors on'ly give a species

I i st of p'l ants sui tabl e for revegetati on.

' This general and. undocumented approach has one big disadvantage,

as mentioned by Blauer et al (1975,1976), McArthur et.al (tgzg) and van

Epps and McKell (]979). The drawback of this.approach is that ivide.
variations exist among individual plants, within the same spec.ies, subspecies

and even'vrithin b'iotypes. Differences in adaptation to climate, microclimate

and soi1, withjn a small area could result in a poor response of spec.ies

chosen for use in revegetation.

The Inst'itute for Land Rehabilitation (.|979), the USDA (.|979)

and Van Epps and McKell (.|978) give sonre nrajor criteria for the selection

of native species. Plummen et al (.|968) published a list of criteria to

cons'iden in evaluating species for use in restoring big game ranges.
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..However,Plummer's1istconcentratesonp1antsgrowinginareaSwithan

. annual precipitation of 400 mm (approximate'ly'l6.inches) or higher.

" approach for selecting species for arid land revegetation. The emphasis -

:' will lay on l.ands of less than 300 mm (12 inches) of precipitation. It .

:wi.llconsistofeva]uativecriteriaandsomenativespeciesfoundonactual
... .. .disturbed sites will be evaluated on how th'ey meet these criteria. From

his, a matrix will be developed to use in selecting species, which willt
' employ a performance rating that ranges from l-5. It shoqld be recogn.ized

that the selected criteria will differ in importance according to the
t_

different postmining'land use goals. 'A survey will be taken within a
+

. group of peopie with the knowledge of land reclamation. l^lith the'ir know-
t', ,' ledge a second matrix will be developed rating th'e importance of the chosen

criteria with the existing postmining land use goa1s.

The approach and some native species will be tested on the Co'lorado

plateau. The Colorado plateau is one of the richest energy and mineral

areas of the Western U.S. Large deposits of low sulfur coal, oil shale
' and uranium are found in this area. The general'ly arid climate has a

' mean annual precipitation that is below 375 mm (t5 inches) (nnS 1974;

usDI, 1978).

' B. Hypothesis to be Tested 
.

General

Criteria in addit'ion to adaptation can be. developed in choosing

plants for revegetation of disturbed sites.

Specjfic hypothesis will be developed for each of the evaluation

cri teri a.
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.. Objecti vesa
1

t'

a. To develop criteria for the'selection of species for revegetation

of harsh sites, this approach should be app'licab'le in arid lands, wbrld wide.

: ". b. To evaluate criteria in addition to adaptivity for revegetating 
-

. : c. To test how some'native and exotic species meet these criteria.
d. To compile a. species list of plants occurring adjacent to'South

:
eastern Utah sites and rate these against the evaluative criteria developed

in. b and inco.rporate these.in a matrix.

e. To develop a matrix, rating the importance of the evaluative

criteria according to post mining land use goal.

'' 
" f. For some sites, to compare the criteria developed in b, to
the P.I.N. model (U.S.o.t. 1977) regardi.ng plant survival and natural

' J l-- 
-,-

- establ ishment.

au. lilethodol ogy

l. Literature Study

. By examining the literature, a synrposis will be made of what

different authors, the federal and state government consider as

being the maior approach and criteria for revegetation. The

Federal Register (.|979), Imhoff et al (lgla) and the surface

Mining control and Reclamation Act (u.s. congress , 1977) will
serve as a startjng point. All criteria w'ill.be evaluated.

The goal for selecting criteria will be a.s Harthjll and l,lcKell

(1979) describe to achieve a post-mined land use goal: ',The

post-mined land use goal def ined here r.rjl I be I inrited to ecological

plant conmun'ity, r.rith mininral long-term maintenance fronr t.he

respons i bl e nranag.ing party,, .
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.".: ' The ilrocess of developi.ng criteria and rejecting the ones

!L^r -.^^ 1---.that are less'appropriate'for.the study sites will be done on
.:, the basis of a search of'the literature.

The briteria developed for this approach should be

applicable in arid lands.

'Through the literature and

: be tested, after which they wi'll

field studies, the criteria will
again be evaluated against the

in the following possible

. 
uni versal 1y

..

Publ ic Laws

-- ---r:---the emphasis on native species. As'wilj be described in the Field

. Study and Greenhouse Study section, a species list will be made

of plants growing in areas adjacent to the study plots and other

disturbed sites. These species will be described through the

I iterature. Next to the field and'greenhouse stud'ies, a 'li terature .

study wi'l'l also'be done to evaluate the species on their performance

towards some of the criteria which otherw'ise will take an extensive

19ng term investigation.

An initial study on criteria, resulted
' cri ter.i a:

-.--:--ri^.-.. ' a. Seed germ.inati on

b. Seedl i ng vi gor

c. Resistance to stresses

d. Resistance to grazing

e. F'i re res i s tance

f. Cover

g. Erosion control

No definite decision has been made yet on vrhjch criteria vrill

be selected. The above l'ist can only be considered as an illustration of

the approach.
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Field Study

. An inventory of the

.fol I owi ng si tes :

vegetation will.be conducted of the

. Uranium sites: Green.River, Ut.

81 andi ng , Ut..

Fry Canyon, Ut.

. ..Coal sites: Burnham, N.!,1. j

Through these studies, a species list and a bover estimate

wili be obtained which wiil be used to set up a revegetation plan.

0f the most dominant species, characteristics wiil be

measured in order to rate the species on how they perform towards

the criteria. Having not yet estiblished the criteria, it i.s.

impossible to get into detair in thi s pioposal . However, one."-.. .

'could consider features like: seed production, root system,

cover of individual plants,'preference of livestock and wildlife
for a certain species, resistance to stresses and others.

In the spring of l9gl, the above mentioned uranium sites,.
. will be revegetated with a number of species found in ilre area

and species expected to have a high potential. Throughout the

summer of .|98.|, 
the plots wili be monitored to obtain an in.itial

number for survival.

From other disturbed sites in the ur.u un.inventory will be

be made on the success of art'ificial and natural revegetation.

This w'ill be done by visiting B.L.l,l. off.ices in the area! to
obtain the locations of a number of sites in the area and by

visiting abandoned nrine spoils.

23\

2.
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, 3. Greenhouse Studies

'Greenhousestudieswil]beusedtodevelopi.nformdtion
' ,..'astohowsome,se]ectedspecies,meetcertainfieIdrequire-..

ments.' The characteristics being evaluated, are short term . ,"

' ones , ' due to ti me res tri ct'i ons . .One cou'l d cons i der: speed '
'.: in germination, seedling growth rate and seeding competition.

. .This list is not a definite bne, consider:ing the evaluative
"...criteria are not yet developed.

. 4. Stati sti cal Anal.vf es

' For the greenhouse studies, statistjcal methods vrill
be developed io inable. interpretation. As the project proceeds,

' it will give direction to particular greenhouse studies to
be conducted and- statistically evaluated. It m'ight be ne_qessary

. to develop a regression nrodel between selected species and

'the criteria.

5. Usefulness of the Stud.v

In 1974, surface coal mining had left nearly a million
'acres in need of reclamation (Davenport, .|979). 

The literature
is so scattered and djvided on what the aporoach should be,

that it is necessary to try to summerize and synthesize the

literature. Many companies are unfanriliar with species

capability and the available literature,'

Furthermore the approach should. have wide applicability,
for as nent'ioned in the introduction, the need for a proper

revegetati on pl an .is 
un j versal for ar.id I ands
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V. FIELD STUDIES

. vegetation Analyses of the.Three Research sites

. A. Sahar:a Study Area

:- Site l. This site is on the top of the mesa. The topography

. is slightiy sloping. Dominant annual plants 'Lre 
uroiogonum species-;.

' salsola pestifez. and Brormts teetoz,um. Rocky soil, from shale to

. sandy on the rocky ridges sone Fearinwn anomala.

Site 2. This site is located on lowland flat, where sandy clay so.il

. is predominant.

- Vegetation Analysis

% Cover

Site ISpeci es

AstragaLus' spp.

Art emi. s ia big eT.ctsit^

Ililaria janesii

Xantho c eplzalun saz.othz,ae

Ot y zopsis tlymeno'Ldes

Aster spp.

Ez,iogonwn spp.

.1

.7

.7

.4

.J

.l

+

.8

.t

.3

.?

.a
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' 'Vegetation Analysis

% Cover (+ = trace)
':Site 1 2

Chz,y s othormud gr e enei

. Ephefua neoadensis

. Ephedra. pi.ri&Ls .l
,./.a

Sareobatus uerrnicuLatus

" Abronia flagrang .,.
i- Artemisia filifolia

'. .' ' Atripler eorrugata

. Chry.sotVwrmus nauseosus

Descunainia spp

Grayia brandegei

2puntia spp

Phlon' spp

Sphaeralcea ipp

J.

Total

.+i

+

'+

+

+

+

2.8

3.7 ,

I

+

1.8

Cover

Vari an.ce .6

Sanrple size ZZ ll
0ptimum size 49 z

Remarks: site r area to smail for adequate sanrpling.

'In the disturbed area around the p1ots, cover clata to low for sampling

Species are:
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Aster spp

.. 
AstragaLus spp

. Atriplet canescens

Atn i,p.L e n e onf er ti f o Lia
aaAtriplea jonesu,

' AtnipLec obouata

BouteLoua graeilis

Chny s o tVwrmus gr e eneii,

C\tny s o thanmr" nou, n o 
"r."

lfiuhlenbergia rrundula

.Ez"iogonwn Spp

u"aaLa D"andegel

. Hilatia jonesii
.?_

ZyAzopsis hymenoides

Saneobatus oerniculatus

Sitanion hystnir

Sphaenalcea spp

- 
Xanthocephalun sarothrae

t: Weehope Study Area

Site l. North of fenced prot 5-15% srope gravelry, sandy

" soil SaLsoLa pestifen and By,om,ts teetorwn dominated

site 2. East of plot rocky sandy loam 5% slope west aspect

juni per/bl ackbrush domi nated

Site 3. south of plot T0l{ slope northeast aspect sandy

gravel ly rvi th Bnonws teetotan.

Site 4. West 206 slope gravelly c1ay.

t\
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Vegetati on Analyses

Speci es

. Jt*ziperus osteosperma

- Hilari.a jonesii

Coleoggne yonosissima

. Atriplen eonfertifolia'

% Cover Si tes

1 .2

(+ = trace)

34
.7

Si tes

3.5

.7 .3 6 2.1

.B 2.2 .3

- : .l .|.4

, .o

I.5
.Eriogonun spp

Xantho c ephalun s arothnae

Ephedra u.irdis

Rh.ue tuiLobata sinpLieifolia

Chrysothnrmus gneenei

Aster spp

Astz,agalus spp

Kochi.a aneriearn

Opuntia spp

2r,izopsis hgmenoides

Iucca spp

Sitanion hystz.ir

Suj!-nutescent plant l

-2

.6

.t

.4

'+

.t

+

..i

.t

.t

.l

2.5

2.9

t9

34

90% confidence

.2+
1r-

+ +. "-.

_r+

-+

+

+

..1

.1

+

.1

+

+

Average % cover

Va ri ance

Sample sjze

, .. 0pti mum s i ze

at l0% of titne mean

6.0

6.9

l4

B2

+

3.6 5.2

6.7 33.5

t3 21

128 221s



Species found indistrubed area b. old mine spoils:

Astzvgal?ls spp

. Atniplet confetti,folia
' 

C'tzrgsothomus nauseosus .

. . ..Eriogonwn 
spp

llnntta)q bZ,andegia

. Hilay"ia janesii
. Kochia onericana

' Sitanion hgstt,ic

Xanthoe ephalum sano thrae

C. Repeat Study Area

. . Slte l. 0n top of mesa dominant plants are salso?a pestifer
' and Bt'orm,ts tectozwm dominated. Slope iS 5ll" in all directionr:,-

. Sandy cl ay soi I dom.inates .

Site 2. As I but more sandy..

Site 3. Mixed .riparian habitat of streambeds/saline lowlands

' with Brornts tectorun dominated . Sareobatus uermtcttlatus is the

most noticeable shrub. The soil is gravelry sandy clay.

site 4. East of inine south aspect 10-15% slope gravelly

shale Brotmts tectoy,um dominated

site 5.'west approx. r mire do'n the road g.uu.i1y clay

l0% slope to flat. Most SW aspect Bt,onnts {;eatoz,tun donrinant species.

Vegetation Analysis

+ = trace)

345

Speci es

Attemisia biglor-eii

Xarzt;|zo ceplnlun sarotlvae

Atriplee aonfertifolia

30

% Cover (

12
- 2.6

1.0 1.9

.4

.4 .t .3

.3 .l.6 
+

S'ites:



HiLaria jame,siia

AstnaqaLus spp

'.' \-

Vegetat'ion Analysis

. %.Cover ( + = trace)

.Sites: I .2 3 4 5 1'

3t

Sporobolus cryptandrws.

.AtripLe* obouata

. Az.temisia fz,igi,da.

Astei. .spp

. Koehia aneyicann

Chry i o thatrmus neus e o sus

- Saz,eobatus ueymiculatus

Atni.pler jonesii

Couania me$icana standshut ianee

Grayia'spinosa

. Opuntia spp

. .0ryzopsis hynenoides

Tetradymia caneseeis

Artemisia fVlifolia
Artemisia spinescens

Clu,y sothanmus greenei

Splmet alcea spp

STto 7'i26o'1.r r:i a'tt,oi i.rt s

Unknovrn forb I

Unknovrn forb 2

Average % cover

. Variance

Sample size

.0ptimum at l09i true mean
I I ,, r: J....-^



J2t \

Speii.es found around spoils

Eyh1tua ui,t dis

Artemisi.a fyigida.

. Artemisia spi,neseens

rueea spp

. Eishhook caetus

. Atripler eqnescena

Bouteloua ez,iopoda

Bouehloe daetyloides

Ez,iogonun spp.

Kochia amez,icana

Gtayia spinosa

Annua I s

Atriplet paLii

Atripler atgentia

Koehia scopat:ia

SaLsoLa pestifer

Bz,ormls teetorum
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. VI. APPEND ICES
:

Research Site Plans

A. Sahara Mine Site

B. . l^lee Hope Mine Site - Location A

C. Wee Hope Mine Site - Location'B

D. Repete Mine Site

.. E. Sahara Planting plan - Section 0 (on slope)

F. Sahara Plantilg Plan (outside fenced area to the t^lest)

G. Repete Planting Plan - Section A & B

H. Repete Planting Plan - Sections C & D

I. Wee Hope Planting Plan - Site A

J. l.lee Hope Plant'ing Plan - Site B 
.

K. Big Notch Planting PIan

L. Big Notch Pianting Plan Sect. A-B-C-D Flat area

M. Big Notcir - Slope
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